In order to properly design warning sounds that are affectively suitable to computer users, warning sounds used in Windows operating system were analyzed in terms of their sound properties; frequency band, spectral characteristics and physical intensity. A total of 36 warning sounds (3*4*3) were generated and tested with respect to three experimental variables. Among 178 affective adjectives that are related to hearing and sounds, seven representative affective factors were abstracted by statistical grouping techniques. In the experiment, subjective preference tests were performed for the 36 warning sounds according to the seven affective factors. From the result, the affective factors were again grouped into three major factors and the 60dB boost-type warning sound at the low frequency band were, in general, the most preferred, closely followed by the 70dB cut-type sound at the middle frequency band. The former received most favorable responses in terms of simplicity, clarity, and accurateness, while the latter did in terms of deepness, heaviness and calmness.
INTRODUCTION
In today1s society, people receive information through various media, and as a result, the importance of the fastpace communication technology between a human and a computer has become critical. Human voice, which is most natural and fast as well as efficient and comfortable method of communication, is therefore one of the most promising field of research. Since some of researchers began studying in the field of communication technology relating to human voice in 1980s, the experiment has evolved farther as to studying the human emotional responses in reaction to the vocal communication. Although human reactions to a sound are traditionally obtained by their psychological responses as being, for example, pleasant/unpleasant or sensitive/ insensitive, it was reported that different types of people under different situations can produce different reactions to the same sound, and therefore, human emotion cannot be easily generalized (Cho, 2002; Min et al., 1999) . Another research investigated the relationship between human emotion and the pleasantness of sounds by looking into the variation and the frequency of those sounds (Park et al., 2002) .
This study aims at suggesting desirable properties of the warning sounds being used for computer-related works like Windows programs, which appeals to Korean1s affection. As warning sounds for a simple warning, error notification, shutting a program, are redundantly offered to inform the user of the status change, affective design of such warning sounds would be of considerable importance for effective communication.
METHOD

Analysis of Warning Sounds
There and Visual Sound Instrument were used for sounds analysis. Table 1 shows the properties of the sounds and Figure 1 depicts the time-frequency distribution of recycle-alternate warning sounds. A power spectral analysis was executed for grouping 13 sounds by their spectral properties. Through the factor analysis for the spectral properties obtained, six groups of warning sounds, which explained 83.21%, were chosen, as shown in Table 2 .
Affective Adjectives
In order to examine user's level of affection to warning sounds, adjectives which express one's affection to a sound were extracted and those with the same meanings were singled out. Repeated application of this procedure finally yielded 29 affective adjectives. A questionnaire survey was then conducted to see which adjectives were related to psychological responses to those sounds. 25 subjects participated in the survey, whose mean age were 21.24 year old with 8.7 years of experience in computer works. 9 point SD (Semantic Differential) was used to understand the relationship between warning sounds and user's level of affection. As shown in Table 3 , the factor analysis was again performed to extract representative affective factors which are thought to represent user's perceptual map.
Design of Warning Sounds
From the six groups of warning sounds, three sound properties of warning sounds were drawn; frequency band, spectral characteristics, and physical intensity. Then, a set of warning sounds were made by voice specialists for the main experiment that was designed in the following: 3 frequency bands * 4 spectral characteristics * 3 physical intensities. Frequency band was divided into three bands: low frequency band (-500Hz), middle frequency band (500-1000Hz), and high frequency band(1000Hz-). The center frequency of each band is 250Hz, 570Hz, and 1600Hz, respectively (Lee, 2001; Ishiyama et al., 2000) .
Spectral characteristics were drawn from the spectral patterns among the warning sounds. Spectral characteristics were classified as focused, flat, cut, and boost. Focused sound has a pattern of concentrated powers on a specific frequency band. Flat sound has a pattern of powers flatly over the frequency band. Cut sound has a pattern of decreasing powers to high frequency, while boost sound has a pattern of increasing powers.
Physical intensities were chosen to be 50dB, 60dB, and 70dB (Kjellberg et al., 1996) . Figure 2 shows spectral characteristics of designed warning sounds.
Main Experiment 36 subjects participated in the experiment, whose mean age was 23.9 years old with 78 years of experience on computer works. All subjects had no dysfunctions in listening abilities. Subjects heard 36 different warning sounds and were asked to mark on questionnaires. On the questionnaires, seven affective factors were evaluated by their subjective preferences. 7 point SD was used for this experiment since it was reported that 7 point SD was found to be more efficient for evaluation on auditory and voice experiments (Han, 1997; Min, 1999) . Warning sounds were repeated three times and subjects had 15 seconds of interval for each trial. The experiment was designed as a three factor within-subject and counter balanced design. MDS (Multi-dimensional Scaling) was employed to understand the degree of user's affection on each warning sound type. MDS is a method for taking a two-or threedimensional `snapshot' of a many-dimensional term space, so that dimensionally-challenged human beings can see (Heo, 2000; Rungtai Lin et al., 1996) . Factor loading is the rate of explanation on user's affection. The more factor loading is made, the better the factor explanation becomes (Won et al., 2000) . For example, the fact that Factor 1 (Simplicity, Clarity, Accurateness) is over 0.8 tells us that it explains the model well, since it is a kind of regression coefficient (Lee, 2000) . Such affective factors can be shown as vectors in three-dimensional space. Figure 3 shows the positioning of warning sounds in users' collective perceptual maps. As shown in Figure 3 , simplicity, clarity, accurateness form a group and Deepness, Heaviness, Calmness do another. Sharpness forms a third, but, indicates a negative affective preference. Thus, further analyses was performed except sharpness. After computing preference ratings of both factor loading and factor score, linkage rate of warning sound types and affective factors becomes a degree to which subjects express their affection. As a result of preference rating, sound characteristics being affectively favored were indicated, as shown in Table 4 . In terms of simplicity, clarity, accurateness, 60dB boost-type warning sounds were mostly preferred in the low frequency band and 70 dB cut-type warning sounds were favored in the middle frequency band in terms of deepness, heaviness, calmness. Table 5 . Frequency band and spectral characteristics had a statistical significance on affective preference, so did an interactions between frequency band and spectral characteristics. SNK (Student Newman-Keuls) test was used for post-hoc analysis. In Table 6 , the high frequency band was perceived to be low on their affection. Although there was no meaningful differences among cut, boost, flat and focused sounds, cut and boost sounds are affectively preferred when compared to flat and focused sounds. 
DISCUSSION AND CONCLUSIONS
This study were designed to evaluate user's affection on proposed warning sounds. 36 different warning sounds were made according to three sound properties: frequency band, spectral characteristics and physical intensity. From the result of MDS, six representative affective factors were regrouped to two major directions in their affection or affective preference. One represents simplicity, clarity and accurateness. The other does deepness, heaviness and calmness. Factor analyses performed was explained well by correlation analysis. ANOVA was also used to understand the effects of physical characteristics of warning sounds on user's level of affection. The result of ANOVA on subjective prefernce also coincides with that of MDS. In addition, low frequency band sounds were preferred in regard to simplicity, clarity and accurateness, whereas middle frequency sounds were preferred in regard to deepness, heaviness and calmness.
From the result of this study, warning sounds that are similar to established warning sounds are more preferred due to their familiarity. Figure 4 shows the power spectrum of the warning sound with best affective preference.
Psychological acoustic factors, such as loudness, sharpness, tonality, roughness, etc., should also be examined further in addition to three sound properties that were tested in the study. It is expected to apply the findings to the design of warning sounds. 
